. Summary of examination of tissues* from echidnas with protozoal lesions.
Figures 6-10. Sections of the liver of naturally infected echidnas. HE, 750 x .6. Echidna no. 1. Focus of hepatic necrosis and mononuclear cell infiltration and a schizont with a residual body (arrow). 7. Echidna no. 1. Three merozoites in a vacuole. Note the size and shape of merozoites is distinct from the schizont in Fig. 6 . The hepatocytes are vacuolated. 8. Echidna no. 5. A collection of 5 protozoan bodies with nuclei (arrowheads) separated by septa. Whether these protozoa are developing microgamont or schizont could not be determined. 9. Echidna no. 5. A microgamont (arrow) with slender microgametes (arrowheads). 10. Echidna no. 5. A granuloma with an oocyst in the center of the lesion. Note the oocyst wall (arrowheads) and the central nucleus (arrow). lections (Table 1) . Only paraffin-embedded 5-6-µm-thick Neospora caninum, and Sarcocystis cruzi using the techhistologic sections were available for this study. Sections were niques and reagents described previously. 4 initially examined after staining with hematoxylin and eosin Lesions were most severe in echidna no. 1 and were present (HE). Selected sections were stained with periodic acid-Schiff in the lung, liver, kidneys, heart, and spleen. Pneumonia was hematoxylin (PASH) or with antisera to Toxoplasma gondii, characterized by diffuse mixed mononuclear cell interstitial inflammation, associated with protozoa, Protozoa were seen in the venules, capillaries, large blood vessels, and the interstitium ( Figs. 1-4 ). Protozoa divided by schizogony. Immature and mature schizonts and free merozoites were seen in the endothelium of large blood vessels and in unidentified cells in the vascular lumina ( Fig. 2) . Schizonts were up to 20 x 15 µm and contained up to 16 merozoites, sometimes around a central residual body (Fig. 4 ). Merozoites in some schizonts were slender (< 1 µm thick), whereas others were up to 2 µm thick (Figs. 3, 4) . Schizonts and merozoites were PAS negative. Similar but milder lesions with fewer parasites were seen in the lungs of echidna nos. 2 and 3. In echidna no. 2, 3 unsporulated oocysts were seen in separate alveoli (Fig. 5) .
Hepatitis was seen in echidna nos. 1, 3, and 5. In echidna no. 1, the hepatic lesions consisted of generalized portal tract mixed mononuclear cell infiltration extending into hepatic cords. Other changes were bile ductule proliferation, mild bile stasis, and mild recent fibrinous perihepatitis (Fig. 6 ).
Relatively few schizonts were seen (Figs. 6, 7). Similar but milder lesions were seen in echidna nos. 3 and 5. In addition to the type of lesions in echidna no. 1, granulomas were scattered throughout the liver in echidna no. 5. Schizonts, zoites, gamonts and oocysts were associated with these granulomas . Schizonts were up to 15 µm in diameter and contained slender merozoites. There were also collections of 1 or 2 zoites with thickness up to 3 µm; these zoites contained PASH-positive granules. One mature 33-x 32pm male (micro) gamont with slender microgametes is shown in Fig. 9 . There were several unsporulated oocysts up to 25 µm in diameter. One oocyst with a nucleus and oocyst walls cell interstitial inflammation (Fig. 13) . Many glomeruli apis shown in Fig. 10 . There were other oocyst-size empty peared enlarged and hypercellular. Some had adhesions bespaces, suggesting the destruction of oocysts by granulomatween the visceral and parietal layers of Bowman's capsule. tous host response. There were also immature microgamont-A few had erythrocytes in Bowman's capsule, and others like unidentified structures. contained a few to many granulocytes. Many cortical tubules Myocarditis was seen only in echidna no. 1 and was charwere distended with granulocytes and contained erythroacterized by a moderately severe mixed mononuclear cell cytes, hemoglobin, and/or other blood pigments. Some medgranulocytic interstitial inflammation. One large focus of ullary collecting tubules contained erythrocytes and blood subendocardial myonecrosis with surrounding inflammatory pigments. Numerous glomerular capillary tufts contained 1 response is shown in Fig. 11 . Schizonts were seen associated and occasionally 2 schizonts. Schizonts were occasionally with lesions ( Fig. 12) . seen in extraglomerular tissue. Renal lesions were seen in echidna nos. 1 and 3 and con-Splenitis was seen in echidna no. 1 and consisted of a sisted of moderate, focal disseminated mixed mononuclear massive, almost complete multifocal recent noninflamma-tory parenchymal necrosis and lysis associated with groups of bacteria (probably secondary infection), with focal hemorrhages. Structurally distinct types of schizonts with slender merozoites (Fig. 14) or short stubby merozoites (Fig. 15 ) were seen.
Intestinal coccidiosis was seen in echidna nos. 2, 4, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Lesions were more severe in the small intestines of echidna nos. 2 and 5 and consisted of desquamation of epithelial cells of glands of Lieberkiihn and surface epithelium, hypertrophy of villous epithelium, and mononuclear cell infiltration in lamina propria. Gamonts and oocysts
The intravascular schizonts in the lungs of the echidnas were structurally similar to schizonts of Sarcocystis, particularly of the Sarcocystis species in cattle, sheep, and goats. 3 Some of the schizonts in the liver, lungs, and spleen were difficult to distinguish from tachyzoites of T. gondii. 2 However, T. gondii tachyzoites always divide into 2 by endodyogeny, whereas the extraintestinal protozoa of the echidnas divided into many organisms by schizogony. 2 Acknowledgements. We thank the staff of the Veterinary Research Institute in Melbourne who made 3 of the cases available for examination. were seen in all 3 echidnas.
Oocysts were approximately 25 x 20 µm and were unsporulated . Few schizonts were seen only in 1. echidna no. 2. A 45-x 25-µm schizont with numerous tiny merozoites in the lamina propria of the small intestine is shown in Fig. 17 .
Protozoa in the lung and liver of echidna no. 1 did not 2. react to T. gondii, N, caninum, or S. cruzi antisera. Protozoa in extraintestinal tissues of echidnas were un-3 = identified. Protozoa in the intestines of echidnas in the present study appeared to be structurally similar to the intestinal 4.
coccidia of the echidnas. 1 Gamonts and oocysts in the liver of echidna no. 5 and in the lungs of echidna no. 2 were 5 l structurally similar to intestinal gamonts and oocysts. However, it was not possible to link these extraintestinal stages because not all tissues were available from each echidna. J Vet Diagn Invest 5: 488-494 (1993) Pacific region, 18, 19 although this association has been disputed. [2] [3] [4] Cycad toxicosis has been reported in livestock, primarily ruminants. 5, 6, 10, 11, 15, 16 Two distinct syndromes, neurologic and hepatic-gastrointestinal, 15 have been described in ruminants.
Ruminants with the hepatic-gastrointestinal syndrome of cycad toxicosis were depressed and anorectic 10,16 and lost weight. 16 Necropsy findings included cirrhosis, ascites, and hemorrhage and necrosis of the mucosa of the small intestine and abomasum. 10, 15 Microscopically, hepatocellular megalocytosis, periacinar necrosis, fibrosis around central veins, cholestasis, and biliary duct hyperplasia were present. 10, 15 The neurologic syndrome of cycad toxicosis in cattle-has been called Zamia staggers. That syndrome is characterized clinically by weight loss followed by lateral swaying of the hind quarters, with weakness, ataxia and proprioceptive defects in the rear limbs. 6, 11 Demyelination and axonal degeneration were present in the brain, spinal cord, and dorsal-root ganglia. 11 Surviving cattle remained ataxic and-had secondary atrophy of the musculature of the hind quarters. 6, 11, 15 
